Background: Failing to inform a patient of an abnormal outpatient test result can be a serious error, but little is known about the frequency of such errors or the processes for managing results that may reduce errors.
Conclusions:
Failures to inform patients or to document informing patients of abnormal outpatient test results are common; use of simple processes for managing results is associated with lower failure rates. Med. 2009; 169(12) : [1123] [1124] [1125] [1126] [1127] [1128] [1129] O RDERING AND FOLLOWing up on outpatient laboratory and imaging tests consumes large amounts of physician time and is important in the diagnostic process. 1, 2 Diagnostic errors are the most frequent cause of malpractice claims in the United States 3, 4 ; testing-related mistakes can lead to serious diagnostic errors. 5 There are many steps in the testing process, which extends from ordering a test to providing appropriate follow-up 6 ; an error in any one of these steps can have lethal consequences. 3, 7, 8 In this article, we focus on one step in the process: informing the patient of test results. Failures to inform patients of abnormal results and failures to document that patients have been informed are common and legally indefensible factors in malpractice claims. 7, 9 Several studies suggest that failures to inform or document are not rare. [10] [11] [12] [13] [14] [15] [16] [17] However, few studies have examined failure rates, and, to our knowledge, no study has reported the failure rate for a broad set of tests or for a large and varied population of physician practices. 16 , 18 We conducted a study to explore the following 3 questions: (1) How commonly do primary care physicians fail to inform patients of clinically significant abnormal outpatient test results? (2) Do practices that use certain "good" processes to manage test results have lower failure rates? And (3) Do practices that use an electronic medical record (EMR) have lower failure rates?
Arch Intern
We hypothesized that failures to inform or document would be relatively common but would be less frequent in practices that used good processes to manage test results. Our hypotheses about EMRs were more complex. We expected that the lowest failure rates would be found in practices that had an EMR and used good processes, but that the highest rates would be found in practices that had an EMR but used poor processes. Adding an EMR to a poorly organized system may make things worse. [19] [20] [21] [22] For example, in a paper-based practice that uses poor processes there may nevertheless be a good chance that a test result will eventually show up on a physician's desk, but in a poorly organized EMR-based practice, the physician may never realize that the result has been received.
METHODS

DEVELOPMENT OF THE MEDICAL RECORD REVIEW PROTOCOL AND STUDY INSTRUMENTS
We selected 11 blood tests and 3 screening tests (mammography, Papanicolaou smear, and fecal occult blood) commonly performed in the outpatient setting (eTable 1; http://www .archinternmed.com). After discussion within the team and consultation with physicians in appropriate specialties, we defined a range of "clinically significantly abnormal" values for each test (eTable 1). These values were mostly well out of the reference range for each test; our intent was to define results as clinically significantly abnormal only when our team and consultants believed that nearly any physician would agree that the patient should be informed of the result, either because it indicated an immediate danger or because it had potential implications for the patient's health over time (eg, a high total cholesterol level).
For each abnormal result, we searched the patient's medical record for 13 types of events (eBox 1) suggesting that the patient had been informed and scored the patient as having been informed if any one of the events had occurred within a predefined time interval. For example, we considered the patient informed if there was a note stating that the patient had been informed, if the abnormal test was repeated, or if a relevant consultation or procedure (eg, referral to a urologist and/or results of a prostate biopsy) was performed. In most cases, we defined 90 days as the interval within which the patient should be informed; in a few cases (eg, exceptionally high or low serum sodium or potassium level) we defined the interval as 21 days. We used these relatively long time intervals to ensure that there was time, for example, for a procedure to have been scheduled and performed and the results to have appeared in the record.
To our knowledge, no guidelines exist to delineate the processes that practices should use to manage test results. Based on our review of the literature [23] [24] [25] and a pilot study that we conducted, we defined "good processes" for managing test results as the following: (1) all results are routed to the responsible physician; (2) the physician signs off on all results; (3) the practice informs patients of all results, normal and abnormal, at least in general terms; (4) the practice documents that the patient has been informed; and (5) patients are told to call after a certain time interval if they have not been notified of their results.
We developed a written 6-question survey for distribution to physicians at each study site (available at http://www .archinternmed.com). The first 5 questions asked about the processes used by the physician to manage test results. The sixth question asked how satisfied the physician was with these methods. We also developed a short semistructured protocol for interviews with a physician leader of the practice (eBox). The protocol included questions similar to the survey questions, as well as questions about the extent, if any, to which the practice used an EMR.
We developed a "physician notification form" (PNF) to mail when we found an apparent failure to inform. The PNF included the patient's name, date of birth, medical record number, test result, and date of the test so that the physician could take corrective action if he or she believed it appropriate to do so. We asked the physician to return the form to us after checking a response indicating whether he or she believed that (1) the patient had been informed but that this had not been documented, (2) the patient had not been informed and that they planned to notify the patient, (3) the patient had not been informed because the physician did not consider the result clinically significant, or (4) the record contained information showing that the patient had been informed.
The medical record review protocol, survey instrument, PNF, and interview protocol were tested during a review of 1066 patient records in a general internal medicine practice at an academic medical center; revisions were made based on this pilot testing. This study was approved by the institutional review board at each participating academic medical center and by Chesapeake Research Review, which served as the institutional review board for private practice sites.
STUDY PARTICIPANTS
No census of physician practices exists in the United States. We selected community-based practices randomly using preferred provider organization directories of physicians available online from large health insurance plans in the Midwest and on the West Coast. Only primary care practices or multispecialty groups with at least 20% primary care physicians were eligible. The principal investigator called practices to invite participation; of the 98 practices that were approached, 19 agreed. General internal medicine clinics at 4 academic medical centers (2 in the Midwest and 2 on the West Coast) were selected on a convenience basis and agreed to participate.
At each practice, research assistants randomly selected patients aged between 50 and 69 years, who had been seen by a primary care physician during the 90 to 360 days prior to the date of the review. Patients of residents and fellows were excluded. We selected this age range to include patients likely to have had more tests and more abnormal test results than younger patients. To exclude patients likely to have a short life expectancy (ie, patients for whom it could be argued that a high total cholesterol or hemoglobin A 1c , for example, might not be a significant finding), we excluded patients older than 70 years and patients with diseases likely to be fatal in the short term (eg, metastatic cancer). We also excluded patients with medical conditions (eg, chronic renal failure) likely to make it difficult to define clinically significant results. We excluded individual tests in patients with a condition likely to complicate interpretation of that test (eg, we excluded prostate specific antigen tests in patients with benign prostatic hypertrophy). Reviews were performed between June 2005 and February 2006.
A total of 176 surveys were distributed to all primary care physicians in smaller practices and to as many as 15 randomly selected primary care physicians in larger practices.
MEASURES
We defined results as abnormal if they fell outside our predefined "normal" range. We defined "apparent failures to inform" as abnormal results for which the reviewer could not find evidence within the medical record that the patient had been informed within the defined time interval. We defined "failures to document" as apparent failures to inform for which the physician stated in the PNF that the patient had been informed but that this had not been documented. We defined "failures to inform" as apparent failures to inform for which the physician did not return a PNF or stated on the form that the patient had not been informed.
Two physician members of the team who were blinded to the identities of the practices and failure rates used survey re-sponses and notes from research assistants' interviews with practice leaders to independently give each practice a score of zero to 1 for each of the 5 processes. Zero indicated that the practice did not use the process; 1, that it appeared to use the process routinely; and intermediate scores indicated that the practice appeared to use the process to some extent but not routinely. The reviewers' scores were generally very close; when they differed, they discussed their reasoning and then rescored (weighted =0.56-0.72 for the final total scores and individual items). In the few cases when the reviewers' scores differed after rescoring, the practice was assigned the average of the 2 scores. The "process score" for each practice was then calculated as the sum of the scores for the 5 processes.
We categorized practices as having a "full EMR" if both test results and progress notes were available to physicians in electronic form; as having a "partial EMR" if results or notes, but not both, were available electronically; and as not having an EMR if neither was available electronically.
MEDICAL RECORD REVIEW
A review of 5434 medical records was conducted using laptop computers with the protocol automatically displayed, by 3 fourth-year and 4 second-year medical students. Each reviewer was trained by the lead author. At 18 of the 23 sites, reviews were conducted by pairs of reviewers, with each reviewing approximately half the records. Randomly selected records were reviewed by both reviewers; for 97% of these records the reviewers' findings were in agreement.
The lead author (L.P.C.) reviewed all 182 apparent failures to inform using diagnoses and notes recorded by the reviewers and information from the physician notification forms. Reviewers were judged to have erred in 14 of the 182 cases (7.7%). In 8 of these cases, the patient should have been excluded from the study; in 4, the physician's response to the PNF stated that the medical record indicated the way in which the patient had been informed (eg, by a telephone call); in 2 cases, the test result was not clinically significantly abnormal.
STATISTICAL ANALYSES
We conducted 4 linear regression analyses using (1) the failure to inform or document rate of each practice as the outcome variable and the practice's process score as the predictor variable, with each practice weighted by its number of abnormal results; (2) weighted linear regression with practices' failure rate as the outcome variable and average physician satisfaction with its processes for managing test results as the predictor variable; (3) each practice's average physician satisfaction as the outcome variable and the practice's process score as the predictor; and (4) multivariate mixed-effects logistic regression analysis with failure to inform or document as the dichotomous outcome and process score and EMR type as the predictor variables. Statistical analyses were performed with SAS version 9.1 software (SAS Institute Inc, Cary, North Carolina).
RESULTS
Reviewers recorded 1889 abnormal results and 182 apparent failures to inform (Figure) . A review of the apparent failures by the lead author indicated that 10 should be excluded as ineligible and that an additional 10 were ambiguous, given the protocol; ambiguous cases were counted as notified. Physician notification forms were sent to 105 physicians for the remaining 162 apparent failures to inform. Fifty-one physicians (49%) returned 74 forms (45%). For 17 apparent failures, the physician stated that the patient had been informed; in 18 cases the physician stated that the patient had been informed but that this was not documented; in 18, the physician did not consider the result clinically significant; in 14, the physician was not responsible for the test; and in 6, the physician stated that the patient had not been informed and that the physician planned to do so. We counted the cases in which the physician stated that he or she was not re- sponsible as failures to inform, since there was no evidence in the record that the patients had been informed by anyone. All 18 cases not considered clinically significant by responding physicians were clinically significant according to our protocol; however, the lead author rereviewed these cases using the comments on the PNF forms and diagnoses and notes recorded by the reviewers and classified 9 as ambiguous. The ambiguous cases were counted as informed; the others were classified as failures to inform.
The rate of failures to inform or document was 7.1% (135 failures divided by 1889 abnormal results). Failure rates ranged from 0% in 3 practices to 26.2% ( Table 1) . Patients were not informed of results of a total cholesterol level as high as 318 mg/dL (to convert to millimoles per liter, multiply by 0.0259) or a hemoglobin A 1c level as high as 18.9% (to convert to proportion, multiply by 0.01) or a potassium level as low as 2.6 mEq/L (to convert to millimoles per liter, multiply by 1) or a hematocrit level as low as 28.6% (eTable 2). The mean process score was 3.8 on a 0 to 5 scale, with 5 indicating that the practice routinely used all 5 processes that we hypothesized would be associated with a lower failure rate. Process scores ranged from 0.9 to 5.0.
We performed linear regression analysis with practices' failure to inform or document rates as the outcome variable and their process scores as the predictor variable, with each of the 23 practices weighted by its number of abnormal results. Process scores were significantly associated with failure to inform rates (␤ [SE], −0.05 [0.01]; PϽ .001). Table 2 displays descriptive data on this association, showing how failure rates varied by low, medium, and high process scores.
Of 176 physician surveys, 99 were returned (56.2% response rate). On average, physicians were moderately satisfied with their system for managing test results: on a 4-point scale, ranging from "very satisfied" to "moderately satisfied" to "very dissatisfied," the mean response was 3.2 ("very satisfied" was scored as a 4). Practices that had higher process scores had higher physician satisfaction Abbreviations: AMC, academic medical center; EMR, electronic medical record; MD, doctor of medicine. a We reviewed more records at larger practices; the number of records reviewed varied by practice and also by the amount of time reviewers were able to spend at the practice.
b Failure rate = (failures to inform ϩ failures to document)/abnormal results. c The process score was calculated based on 2 blinded reviewers' ratings of physician survey and interview responses from each group. d "Yes" indicates that the group used an EMR for both outpatient progress notes and test results; "partial" indicates that the group had electronic progress notes or test results, but not both; "no" indicates that the group used paper records for both progress notes and test results.
e The physician satisfaction score was based on physicians' responses to the survey question "Which phrase best describes how satisfied you are, overall, with the system used to notify physicians and patients of test results and to document notification?"; there were 4 response choices, from "very dissatisfied" (scored as a 1) to "very satisfied" (scored as a 4).
f This site insisted on using its EMR to pull only records with abnormal results.
Survey responses indicated that very few practices had explicit rules for managing test results; in most cases, each physician devised his or her own method. In 8 practices, patients were told that "no news is good news" (ie, that if they did not hear from the practice about their test results, they should assume that the results were normal). Table 3 gives the failure rates grouped by process score and by type of EMR. Five of the practices had full EMRs, 4 had partial EMRs, and 14 had no EMR. Failure rates were relatively low in practices with good processes, regardless of whether they had a full EMR; they were higher in practices with a partial EMR (Table 3) . In mixed-effects logistic regression including EMR category and process scores as predictor variables (Table 4) , higher process scores were associated with lower failure rates (odds ratio, 0.68 per unit increase in the process score; P Ͻ .001) and having a partial EMR was associated with higher failure rates, compared with not having an EMR (odds ratio, 1.92 vs no EMR; P=.03) or with having a full EMR (odds ratio, 2.37; P = .007 [data not shown]).
We repeated the regression analyses using failures to inform, rather than the sum of failures to inform or document, as the outcome variable. The results were very similar: the same variables were statistically significant, with nearly identical odds ratios.
COMMENT
In this study, failures to inform patients of clinically significant abnormal test results or to document that they have been informed appear to be relatively common, occurring in 1 of every 14 tests. Failure rates varied widely among practices, from 0% to 26%; practices that used better processes to manage results had lower failure rates and had physicians who were more satisfied with the processes used. Practices that used a combination of paper and electronic records, that is, that had a "partial EMR," had the highest failure rates. We did not find a significant difference between practices that had a "complete" EMR and those that used paper records; this may be because there is no difference or because the number of practices included was not large enough to detect a difference.
Most practices did not use all 5 of the relatively simple processes suggested in the literature as basic to managing test results. Most did not have explicit rules for notifying patients of results, and many used the dangerous practice of telling patients that "no news is good news"-an assumption that the Agency for Healthcare Research and Quality counsels patients not to make. 26 To our knowledge, this is the first study to estimate the failure to inform rate across a variety of tests and types of medical practice. Other studies have suggested that failures to inform are common. In a national survey, 11% of patients stated that they had experienced delays during the previous year in receiving abnormal test results. 27 In a study of 126 patients with abnormal mammograms in 10 academically affiliated practices in 1996-1997, the physician documented having discussed the result with the patient in 71% of cases. 28 Of 48 patients at a single academic center with an abnormal dualenergy x-ray absorptiometry scan, it appeared that 33% had not been informed. 15 Single-site studies suggest that physicians frequently fail to follow up on abnormal thyrotropin, 29, 30 potassium, 31 and blood glucose levels, 32 though these studies were not designed specifically to estimate failure to inform rates. Our study has several limitations. First, it is possible that in some of the cases counted as failures to inform, the patient actually had been informed. It is likely that such cases were few, if they existed at all, since we counted the patient as informed if any one of 13 types of evidence that the patient had been informed appeared in the medical record or if the physician responded to the PNF by stating that the patient had been informed. Second, because practices were included only if they agreed to participate, the failure rates we found may differ from what would be found in a random sample of practices; unfortunately, such random sampling is likely to be impossible. Third, medical chart reviews were performed by medical students, which may have led to some errors; use of a detailed computer protocol, review by the lead author, and use of the PNFs were intended to minimize this possibility. Fourth, we studied only primary care physicians, and in a limited number of practices (n=23) on the West Coast and in the Midwest.
Limited research suggests that most patients and physicians believe that patients should be informed of both abnormal and normal test results. 17, 23, 33, 34 Failures to inform patients of abnormal test results or to document that they have been informed can harm patients and expose physicians to indefensible malpractice liability.
One approach to reducing failure rates would be to rely on the efforts of individual physicians and to exhort them to try harder to notify patients. Alternatively, failures to inform could be approached as a systems problem-a problem of organization and incentives-rather than as a failing of individual physicians. We observed practices that use EMRs in which the only way to see test results is by searching the record of each patient for whom a physician has ordered a test; in these practices we found individual physicians devising their own methods, such as Excel spreadsheets, to help them remember to check for results. At the opposite extreme, some practices used EMRs in which all results are routed to the electronic mailbox of the responsible physician. Abnormal results are highlighted and the system records the fact that the physician has clicked on the results.
Some elements of medical care (eg, diagnosis) are an art as well as a science, depend heavily on the cognitive skills and effort of individual physicians, involve much uncertainty, and will probably always have relatively high error rates. However, notifying patients of test results does not appear to be such a process; with appropriate withinpractice systems, low rates of failure to inform should be possible. 35 For practices that want to improve, suggestions are available 16, [36] [37] [38] [39] ; individual practices 40 and at least 1 regional collaborative 41 are experimenting with ways to improve the management of test results. 
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